ABSTRACT
P
ituitary adenoma is a benign neoplasm that arises from the adenohypophysis and is the most common intrasellar pathology, accounting for 10%-15% of all intracranial neoplasms. 1, 2 Typical imaging findings of an uncomplicated pituitary adenoma include slow enhancement compared with that of the pituitary gland, lateral deviation of the infundibulum, and isointense signal intensity relative to gray matter on T1-weighted imaging. 3 Intratumoral hemorrhage and ischemic infarction are common with larger pituitary adenomas, which may result in hemorrhagic or cystic changes or both, leading to various signal intensities on MR imaging. [4] [5] [6] [7] [8] Rathke cleft cyst (RCC) is a benign epithelial cyst believed to originate from the remnants of the Rathke pouch. 9 Typical imaging findings include a nonenhancing, noncalcified, intrasellar/ suprasellar cyst with an intracystic nodule. [9] [10] [11] [12] Depending on its cystic content and the presence of an associated intracystic nodule, an RCC may show various signal intensities on both T1-and T2-weighted images. [13] [14] [15] More specifically, T1 hyperintensity and T2 hypointensity of an RCC associated with a high intracystic protein content can mimic cystic pituitary adenoma with hemorrhage, which makes imaging diagnosis of a cystic pituitary adenoma or an RCC a challenge. Preoperative differentiation between a cystic pituitary adenoma and an RCC is important for treatment planning. [16] [17] [18] Par-tial resection of the wall and evacuation of cyst contents are sufficient for an RCC, whereas a cystic pituitary adenoma may require total resection, not only to relieve mass effect but also to correct hormone excess. 9, [19] [20] [21] Unnecessary surgical excision of an RCC may lead to serious complications, such as CSF leaks, infection, and hypothalamic injury, though the incidences thereof are very low. 21, 22 Thus, obtaining the correct preoperative diagnosis with which to determine the proper surgical indication and to plan the optimal surgical procedure is a major concern for neurosurgeons. 9 To date, several characteristic MR imaging appearances of pituitary adenomas and RCCs have been reported, 2, 9, 12, 20, [23] [24] [25] but there are some cases for which the diagnoses are inconclusive when 1 or 2 imaging findings are used, and none of the studies has systemically analyzed the MR imaging appearances of cystic pituitary adenomas to differentiate them from RCCs. Therefore, we evaluated the diagnostic potential of a multifactor analysis of MR imaging findings and developed a diagnostic tree model to increase the diagnostic accuracy in differentiating cystic pituitary adenomas and RCCs before surgery.
MATERIALS AND METHODS

Study Population
This retrospective study was approved by the Yonsei University Health System institutional review board, and the requirement for informed consent was waived. We retrospectively reviewed preoperative MR imaging and electronic medical records. Among 891 patients with a sellar mass who underwent surgery between August 2007 and July 2013, we identified 82 patients (24 men and 58 women; mean [Ϯ standard deviation] age, 35.6 Ϯ 12.1 years) with a lack of solid enhancement or thin-rim enhancement (Ͻ2 mm) on preoperative MR imaging. Among them, 54 patients (14 men and 40 women; mean age, 37.7 Ϯ 11.4 years) were diagnosed with a pituitary adenoma and 28 patients (10 men and 18 women; mean age, 31.5 Ϯ 12.7 years) were diagnosed with an RCC on the basis of histopathology reports. None of the included pituitary adenomas involved the cavernous sinus. Craniopharyngioma was not included for analysis, because only 3 patients presented with a cystic mass without a solid enhancing portion during the same period, and 2 of them had typical imaging findings of craniopharyngioma. Those 54 patients with a pituitary adenoma underwent surgery because of medication treatment failure (n ϭ 10), local mass effect (n ϭ 11), hormonal symptoms (n ϭ 18), headache (n ϭ 14), or rapid size increase (n ϭ 1). Twenty-eight patients with an RCC underwent surgery because of local mass effect (n ϭ 13), hormonal symptoms (n ϭ 8), or headache (n ϭ 7). Laboratory and immunohistochemical findings (available for 26 patients) revealed that 46 patients had a hormonally functioning adenoma with prolactin (32 cases), growth hormone (8 cases), adrenocorticotropic hormone (5 cases), or thyroid-stimulating hormone (1 case). In the other 8 patients, the adenoma was nonfunctioning, with or without hypopituitarism. The characteristics of the 82 patients are shown in Table 1 .
Validation Population
For validation, an additional 24 patients (10 men and 14 women; mean age, 38.8 Ϯ 15.8 years) with a cystic pituitary adenoma (n ϭ 16) or an RCC (n ϭ 8) histopathologically confirmed between August 2013 and August 2014 were subsequently included in the study.
Data Acquisition
Each of the preoperative MR imaging examinations of the sella was performed with a 3T MR unit using an 8-channel head coil (Achieva; Philips Healthcare, Best, the Netherlands). The following pulse sequences were acquired: sagittal T2-weighted imaging (TE, 3000 ms; TR, 80 ms; section thickness, 3 mm; matrix, 400 ϫ 
Image Analysis
Two radiologists (one with 5 years and one with 1 year of experience in neuroradiology) who were blinded to the final histologic diagnosis independently analyzed the imaging of each patient to document the following findings: presence of a fluid-fluid level, hypointense rim on T2-weighted images, septation, off-midline location, presence of an intracystic nodule, change in size, and change in signal intensity (Fig 1) . 2, 9, 12, 20, [23] [24] [25] The presence or absence of a fluid-fluid level was evaluated on either axial or sagittal T2-weighted images. A peripheral hypointense rim was regarded as present if the peripheral portion of a sellar lesion was lower than the signal intensity of white matter on T2-weighted images. Septation was identified on axial or coronal T2-weighted images and/or on contrast-enhanced T1-weighted images. Offmidline location was defined as lateralization of the lesion in the sella turcica or stalk deviation by the lesion. An intracystic nodule was defined as a nodule showing various signal intensities on T1-and T2-weighted images without enhancement after contrast-medium administration. A size change (either increase or decrease) or signal change was defined as present if there was any change in size or signal intensities on T1-and T2-weighted images between the 2 preoperative MR imaging examinations, when previous MR imaging examinations were performed (n ϭ 78). The median follow-up interval for all the cases was 59 days (interquartile range, 26 -126 days), for adenomas (n ϭ 55) it was 58 days (interquartile range, 26 -154 days), and for RCCs (n ϭ 23) it was 62 days (interquartile range, 27-98 days). Interobserver agreement for the imaging findings was assessed, and discordant interpretations were resolved by consensus. For the validation group, the significant MR imaging findings in the study group were evaluated for differentiation. Two radiologists (one with 5 years and one with 1 year of experience in neuroradiology) who were blinded to the final histopathologic diagnoses performed imaging analyses on the basis of the diagnostic tree model.
Review of Imaging Reports
Each official radiologic report had been written by several neuroradiologists with Ͼ5 years' experience in neuroradiology and was reviewed retrospectively. Final impressions of the radiologic reports were recorded to compare them with those of the diagnostic tree model in terms of diagnostic accuracy. When there were several differential diagnoses on the reports, only the first impression was used for analysis.
Statistical Analysis
Statistical analyses were performed by using the software package R version 3.0. On the basis of the results of logistic regression analysis, a recursivepartitioning-tree classification algorithm was used to suggest a diagnostic tree model. Finally, the discriminatory powers of the diagnostic tree model and radiologic reports were assessed by receiver operating characteristic analysis, and the areas under the curve (AUCs) for receiver operating characteristic analysis were compared. A P value of Ͻ.05 was considered statistically significant.
RESULTS
Interobserver agreements for imaging features were good to excellent, with values of 0.780 for the presence of a fluid-fluid level, 0.677 for a hypointense rim on T2-weighted images (Fig 2) , 1.0 for septation, 0.926 for an off-midline location, and 0.892 for the presence of an intracystic nodule. The frequencies of MR imaging findings were significantly different between pituitary adenomas and RCCs. The presence of a fluid-fluid level, a hypointense rim on T2-weighted images, an off-midline location, septation, and signal change of the lesion were more common with pituitary adenomas than with RCCs (Table 2 ). An intracystic nodule in the lesion was observed significantly more often in RCCs than in pituitary adenomas.
Receiver operating characteristic curve analyses were performed, and the following 3 variables exhibited good performances in diagnosing cystic pituitary adenomas: the presence of a fluid-fluid level (sensitivity, 68.5%; specificity, 96.4%; AUC value, 0.825), a hypointense rim on T2-weighted images (sensitivity, 75.9%; specificity, 78.6%; AUC value, 0.773), and an off-midline location (sensitivity, 83.3%; specificity, 92.9%; AUC value, 0.881). The presence of an intracystic nodule also exhibited good performance in diagnosing RCCs (sensitivity, 83.3%; specificity, 67.9%; AUC value, 0.756).
The ORs from the univariate logistic regression analysis of MR imaging variables for predicting cystic pituitary adenomas are listed in Table 3 . Multiple logistic regression analysis with a stepwise procedure was performed to identify the MR imaging variables that contributed to the differentiation of cystic pituitary adenomas from RCCs. The presence of a fluid-fluid level, septation, and an off-midline location were selected as independent factors associated with cystic pituitary adenomas and the presence of an intracystic nodule as associated with RCCs. These variables and their adjusted ORs are listed in Table 3 .
Using the recursive-partitioning analysis based on the classification and regression tree method, 26 we were able to establish a diagnostic tree model (Fig 3) . The diagnostic tree model was able to correctly classify 79 (96.3%) of 82 cases in the study population (Figs 5 and 6 ). In terms of diagnosing pituitary adenomas, the sensitivity and specificity of the diagnostic tree model were 98.1% and 92.9% and those of the official radiologic reports were 77.8% and 92.9%, respectively. Receiver operating characteristic curve analyses were performed to compare the AUCs between the diagnostic tree model and those of the official radiologic reports. The AUC values were 0.991 for the diagnostic tree model and 0.853 for the radiologic reports, and the difference was statistically significant (P Ͻ .001) (Fig 4) . The proposed diagnostic tree model was then validated on subsequent data from the 24 patients in the external-validation group. There were no significant differences between the study group and the validation group in terms of age, sex, or histopathology results (P ϭ .252, P ϭ .119, and P ϭ .762, respectively). The imaging diagnoses made by 2 radiologists on the basis of the diagnostic tree model agreed for all the patients. Twenty-two of these 24 cases were classified correctly (91.7%) (Figs 5 and 6). One RCC was misclassified as a cystic pituitary adenoma because of septation (Fig 7) , and one cystic pituitary adenoma was misclassified as an RCC because of its midline location and the absence of a fluid-fluid level and septation.
DISCUSSION
We first evaluated the diagnostic value of imaging findings for differentiating cystic pituitary adenomas and RCCs. Consistent with previous reports, 3, 8, 20, 27 we found that the presence of a fluid-fluid level, septation, and an off-midline location strongly favored a diagnosis of cystic pituitary adenoma over that of RCC. Conversely, the presence of an intracystic nodule was associated significantly with RCCs. On the basis of these results, we established a diagnostic tree model that increased the diagnostic accuracy for differentiating cystic pituitary adenomas from RCCs by using preoperative MR imaging. The use of this model with MR imaging findings resulted in the correct classification of Ͼ95% of the study cases and 91.7% of the validation cases. Given its availability and simplicity, we believe that this method has important clinical implications for making correct preoperative diagnoses and determining the proper treatment planning. RCCs are sometimes indistinguishable from cystic pituitary adenomas on MR imaging, and a previous study reported that 50% of surgically proven RCCs were misdiagnosed as pituitary adenomas preoperatively because of their various signal intensities, which ranged from hypointense to hyperintense on both T1-and T2-weighted images. 15 These various MR signal intensities depend on the composition of the cyst, including protein, mucopolysaccharides, and cholesterol. 15, 28 Another study reported that wall enhancement of cystic lesions may play a role in differentiating neoplastic from nonneoplastic cysts. 29 However, RCCs are often surrounded by the enhancing normal pituitary gland, thus mimicking wall enhancement, especially when there is a partial volume-averaging effect. 11 In addition, RCCs may show patchy or ring enhancement, which can be attributed to inflammation and/or squamous metaplasia in the cyst wall. 15 The presence of an intracystic nodule has been suggested as a characteristic MR imaging feature of RCCs, with an incidence of 37.5%-45%. 9, 13 Although intracystic nodules were more common in RCCs than in cystic pituitary adenomas, we also observed intracystic nodules in pituitary adenomas (67.9% vs 16.7%, respectively). Moreover, these nodules can easily be mistaken for hemorrhage and vice versa, which makes the preoperative differentiation between RCCs and cystic pituitary adenomas problematic. 30 The presence of a fluid-fluid level, presumably related to intracystic hemorrhage, was significantly more common in, and had high predictive value for, cystic pituitary adenomas. Intratumoral hemorrhage in pituitary adenomas is common even without clinical symptoms. 7, 31, 32 Thus, clinical symptoms themselves are not always sufficient to make a correct diagnosis of hemorrhagic adenoma. Furthermore, hemorrhagic pituitary adenomas can exhibit various signal intensities on both T1-and T2-weighted MR imaging, which makes imaging diagnoses difficult. More accurate diagnoses can be achieved by considering other imaging parameters collectively.
An off-midline location was the most important imaging finding for distinguishing pituitary adenomas from RCCs on the basis of multivariate logistic regression analysis in our study, which may be explained by their different origins. RCCs are believed to originate from the remnants of the Rathke pouch and are located mainly in the midline of the pituitary gland. 9 Conversely, adenomas arise from the adenohypophysis, and the 2 most common pituitary adenomas, prolactinomas and growth hormone-secreting adenomas, tend to arise laterally in the sella turcica. 10, 33 Thus, lateral bulging of the gland and displacement of the infundibulum were considered characteristic findings of pituitary adenomas. 3, 27 However, adrenocorticotropic hormone-secreting adenomas are often located at the midline, which may overlap with the location of RCCs. 33 In our study, an off-midline location alone showed high diagnostic value, but that value could be improved when combined with other imaging parameters via a diagnostic tree model. In this study, cystic pituitary adenomas and RCCs did not have a significant size change difference. Several reports have indicated that some RCCs undergo reduction without treatment and even resolve spontaneously, which suggests that simple RCCs may be dynamic in nature. 18, 30, 34 Although growth rates are variable, pituitary adenomas usually enlarge slowly over years and may also exhibit size change, even regression, accompanied by intratumoral hemorrhage and resorption. 4, 10, 31 We also observed that size increases were more frequent in cystic pituitary adenomas than in RCCs, but on the basis of multivariate analysis, size in- creases did not have predictive value for diagnosing cystic pituitary adenomas. Clinical findings could be important clues for making a preoperative diagnosis. However, preoperative endocrine dysfunction was reported in up to 80% of patients with an RCC, which makes diagnosis with clinical findings alone difficult. 9, 35 In our study, the incidence of hormonal symptoms was 28.6%, which was less common than in previous studies but not significantly different than that of cystic pituitary adenomas (33.3%), which supports the idea that radiologic findings are important when making a preoperative diagnosis. Previously, T2*-weighted imaging was proposed as a potential way to detect intratumoral hemorrhage in pituitary adenomas. 7 Another study in which diffusion-weighted MR imaging was used revealed that the ADC values of RCCs were significantly higher than those of other cystic lesions, including cystic or hemorrhagic pituitary adenomas; therefore, diffusion-weighted MR imaging may be useful for differentiating cystic lesions in the pituitary fossa. 36 However, these sequences are not routinely performed for standard sellar MR imaging because of susceptibility artifacts related to the skull base and, thus, were not performed in our patients. In this study, features of conventional T1-and T2-weighted MR imaging were evaluated without the need for any additional advanced imaging techniques. Our proposed diagnostic tree model with a combination of imaging features (ie, an off-midline location, the presence of a fluid-fluid level or a hypointense rim on T2-weighted MR imaging, septation, and the presence of an intracystic nodule) is easy to use and can achieve high diagnostic performance (AUC value, 0.991), which is significantly superior to that of the original radiologic reports (AUC value, 0.853). Furthermore, it can suggest which imaging features should be considered more important than the others in differentiating cystic pituitary adenomas and RCCs. In addition, the diagnostic tree model showed high diagnostic performance in the validation group by the radiologists with 5 years or 1 year of experience, which suggests that radiologists with less experience may also benefit from the systematic approach for differentiating cystic pituitary adenomas and RCCs.
Our study had several limitations. It was a retrospective study with a possible selection bias. We excluded pituitary adenomas with an enhancing solid portion, which may indicate that these results cannot be generalized to all pituitary adenomas and RCCs that show typical imaging features. However, the purpose of this study was to differentiate pituitary adenomas that present as cystic lesions from RCCs. Therefore, we proposed a diagnostic tree model that is easily applicable in clinical situations when a cystic mass without solid enhancement in the sella is observed and surgical treatment is considered because of the patient's symptoms. Because this study was retrospective, we were not able to correlate the findings of each image with pathology results. In addition, we did not include craniopharyngioma, another common pathology in this region. RCCs and craniopharyngiomas have been suggested to be on a histologic continuum, and the differentiation of these lesions is often difficult, even at the microscopic and molecular levels. 37 However, in the study period, there were only 3 cases of craniopharyngiomas that presented as cystic masses without a solid enhancing portion, and 2 of them showed imaging findings typical of craniopharyngioma. The number of patients in this study was relatively small, but significant differences in MR imaging findings were found between the cystic pituitary adenomas and RCCs. Our diagnostic tree model exhibited good performance in both the study population and the external validation group; however, further study with a large number of patients may be needed to investigate the quality of the developed classifier.
CONCLUSIONS
We found that the presence of a fluid-fluid level, septation, an off-midline location, and the absence of an intracystic nodule were important imaging features for differentiating cystic pituitary adenomas from RCCs. The proposed diagnostic tree model using preoperative MR imaging increases the diagnostic accuracy for differentiating cystic pituitary adenomas from RCCs and may serve as a helpful tool for guiding disease management. A and B) and coronal T2-weighted imaging (C). There was no visible fluid-fluid level or intracystic nodule, so this lesion was classified as a cystic pituitary adenoma based of the diagnostic tree model; however, it was finally diagnosed as a Rathke cleft cyst.
